MHD Stability Analysis with Higher Order Spline Functions by A. Ida et al.
§5. MHO Stability Analysis with Higher Order 
Spline Functions 
Ida, A. (Department of Energy Engineering 
and Science, Nagoya University) 
Sanuki, H., Todoroki, J. 
A code for the analysis of the MHD insta-
bility for 2-D equilibria by using the finite ele-
ment method with higher order elements is un-
der construction. The outline of the code is as 
follows. 
Suppose the torus plasma bounded by a con-
ducting shell. The coordinate system ( 1/;, B, () 
is introduced where ( accords with the toroidal 
angle¢ which appears in the geometric cylindri-
cal coordinate ( R, ¢, Z), and B is determined by 
the condition that the lines of force are straight 
in the B - ( plane , while 1/J is taken as poloidal 
flux. 
Equilibria are calculated by using H-
APOLLO code. The interface routine of H-
ERATO code is used to compute the equilib-
rium quantities at any point in ( 1/;, B)-mesh from 
1/;(R, Z). 
The eigenvalue problem of the ideal linearized 
MHD equations is written with the kinetic en-
ergy functional K and the potential energy 
functional W as 
(1) 
where e denotes the plasma displacement vec-
tor and dr the volume element. The plasma 
displacement is decornposed into the direction 
normal to the magnetic surface and in the mag-
netic surface. When the decomposed displace-
ment are expanded into Fourier series with re-
spect to the poloidal angle B and the toroidal 
angle (' the integration with respect to e and ( 
can be carried out, and eq.(l) is reduced to the 
following equation 
W[x', X, Y; d1/;] = -\K[X, Y; d1/;]. (2) 
Here X refers the component nonnal to the 
magnetic surface and Y in the magnetic sur-
face, and the prime denotes the derivative with 
respect to 1/J . The boundary condition is given 
by x = 0 at 1/J = 0 and at the plasma surface. 
The finite element n1ethod is applied to the 
eigenvalue equation (2). The integral region in 
eq.(2) is divided into N intervals whose width 
are not necessarily uniform. The unknown func-
tion x is expanded with the B-spline elements 
of degree p and Y with the B-spline elements 
of degree p - 1 (p= 1 ,2 ,3). These base functions 
satisfy the n1athematical conditions which are 
given by Descloux-Nassif-Rappaz[1] to ensure 
the efficiency of approximations for the spec-
trum of a non-compact operator including the 
ideal linearized operator problem. 
The integration in eq.(2) is numerically car-
ried out by using q( > p) point Gaussian quadra-
ture formula over each element, and eq.(2) re-
duces to the eigenvalue problem for the matri-
ces. The eigenvalues are calculated by the Lanc-
zos algorithm and the bisection method. The 
inverse iteration method is used to obtain the 
eigenvectors. 
Since Fourier expansion is employed with re-
spect to poloidal and toroidal angles, the same 
scherne for 2-D can be applied to 3-D equilibria. 
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